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jpir]v rrTi7Tr ATTON OF B ASVS TN NTTCLFTC ACID SEQUENCES 

The present invention relates to the identification of bases in nucleic acid 
sequences. The invention relates more particularly to a method of determining 
whether or not a particular base is present at a specified position in a nucleic acid 
sequence. A particular application of the invention is in determining whether or not 
there is a mutation in a gene. 

It is now well established that a number of medical conditions are caused as a 
result of at least one mutation which has occurred in a gene of the patient The 
mutation may, for example, be a deletion which results in the formation of truncated 
mRNA which in turn results in the foimation of a protein having incorrect amino acid 
residues such that the protein has an incorrect function or no function at all. 
Alternatively the mutation may be an insert either wholesale (e.g. the introduction of a 
viral sequence) or on a small scale by evolution or the introduction of single or 
multiple nucleotides as a result of DNA polymerase misreadmg. A fiirther example of 
a mutation is a point mutation which is the result of a base change at a particular site 

within the genetic code. 

Examples of conditions caused by mutations in genes include Gaucher, Cystic 
Fibrosis, and a and p Thalasseamias. Many of the mutations which cause such 
diseases are known and it is therefore possible to determine whether a patient is 
afflicted by, or susceptible to, a particular condition by assaying DNA firom the 
patient to detennine whether or not the mutation which causes that condition is 
present in the DNA. This involves determining whether or not a specific base is 
present at a particular position in a certain gene sequence. 

An example of such an assay technique is disclosed in WO-A-9009455 
(Geneco) in which a primer is hybridised to the gene sequence on the 3 side of the 
base to be investigated, the primer being one which incorporates a detection element 
or a separation element An extension reaction is then effected such that, if the 
specific base is present the primer is extended to (and only to) that specific base in 
the sequence being investigated. The base in the extended primer wMchMs 
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complementary to the specific base in the sequence under investigation incorporates a 
detection element and/or a separation element such that the extended primer as a 
whole incorporates both a detection element and a separation element. The presence 
of the separation element in the extended primer then allows the primer to be 
denatured from the original sequence and to be exposed to a solid suppon provided 
with a moiety havmg affinity for the separation element. The support is then treated 
to determine the presence of (or otherwise) of labelled primer immobilised thereon. If 
(but only if) the label is detected this is confirmation that the specific base was present 
at the particular position in the sequence under investigation. 

The need for affinity separation of the primer is a disadvantage of the 
technique disclosed in the Geneco Specification because this introduces additional 
steps mto the process and as a consequence limits the potential for automation. The 
requirement for automation of both single and multiple mutations simultaneously 
would greatly increase the general applicability of a technique. This is not easily 
achieved with the abovementioned methodology. 

It is therefore an object of the present invention to obviate or mitigate the 
above mentioned disadvantage. 

According to the present invention there is provided a method of detennining 
whether or not a particular base is present at a specified position in a nucleic acid 
sequence, the method comprising the steps of 

(a) providing a single stranded sample of the sequence to be investigated (the 
"sample sequence**) in unmobilised form on a solid support, 

(b) hybridismg a primer to said sample sequence such that the base at the 3 end of 
the primer is hybridised to that base in the sample sequence which is immediately 
adjacent to the specified position on the 3 side thereof, 

(c) treating the primer under extension conditions with a labelled moiety enable 
of providing an extension unit of the primer at a position corresponding to said 
specified position in tiie sample sequence if said particular base is present at that 
position, the extension conditions being such that any extension of the primer does not 
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continue beyond said specified position of the sample sequence otherwise than by 
further extension with labelled moiety, 

(d) washing the support to remove unreacted labelled moiety and other reagents, 
and 

(e) testing for incorporation of the labelled moiety in the primer. 

Thus, the method of the invention is used for determining whether or not a 
particular base is present at a specified position in the sample nucleic acid. If that 
base is present at that position then a label is incorporated on the primer extension 
product produced as a result of step (c). The presence of that label as detected by step 
(e), confirms that the particular base was present at the position under investigation. 
The detection may be effected with the primer hybridised to the sample sequence or 
after denaturation therefirom. In either case, interference firom unreacted labelled 
moiety is avoided by the washing procedure of step (d) which ensures that all such 
unreacted labelled moiety (and other reagents) are removed prior to the detection step. 
The method of the mvention avoids the need for incorporation of a separation element 
into the extended primer and a subsequent affimty step for inmiobilising extended 
primer on a support. The invention therefore readily lends itself to automation. 

The labelled moiety may, for example, be a dideoxynucleotide incorporating 
the complementary base to that at the specified position in the sample sequence. As 
such extension of the primer will occur only if the particular base is present at the 
specified position of the sample sequence and will not continue any further since the 
dideoxynucleotide terminates the extension reaction. The presence of the labelled 
species in the primer obviously then confirms the presence of the particular base at the 
specified position. Instead of using a dideoxynucleotide (or other species which 
terminate the extension reaction) it is possible to use a labelled nucleotide 
incorporating a base complementary to that being determined. This might result in 
extension of the primer beyond the base at the specified position if (on its 5 side) 
there was an identical base. However, in this case, label would only be incorporated 
into a primer extension product if the particular base was at the specified position and 
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the presence of any extra label in the extended primer does not interfere with the 
process. 

The label can be Biotin, allowing the introduction of secondary labels, a 
fluorophore, enzyme, chemiluminescent tag or similar groups. 

The sample nucleic acid may be provided in a number of ways. It is however 
highly preferred that the sample nucleic acid is covalently linked to the solid support 
This may be achieved using the following procedure. 

The procedure will start with a sample of nucleic acid ("the original nucleic 
acid") obtamed from a patient. The solid supports will initially be provided with 
oligonucleotides covalently Unked by their 5 ends to the supports. These 
oligonucleotides will be complementary to a sequence in a strand of the original 
nucleic acid. By providing that strand in single stranded form, it may be hybridised to 
the oligonucleotides on the support thereby trapping that strand of the original nucleic 
acid. After washing to remove non-hybridised material, an extension reaction may be 
effected so as to extend the oligonucleotides using the trapped original nucleic acid as 
a template. The original nucleic acid may then be denatured and washed off the 
supports leaving its immobilised, single stranded copy as the sample nucleic acid on 
which the method of the invention is effected. It will of course be appreciated that, m 
this case, the sample nucleic acid is complementary to the original nucleic acid. 
Therefore in order to determine whether or not there is a particular base at a specified 
position in the original nucleic acid, it is necessary to determine whether the 
complement of that base is present at the corresponding position in the sample nucleic 
acid. 

If the amount of the original nucleic acid is relatively low, it is possibly to 
produce increased amounts of sample nucleic acid for use in the method of the 
invention using the procedures described in WO-A-93/13220 (Tepnel) and WO-A- 
95/33073 (Tepnel) thereby producing larger numbers of strands of the sample nucleic 
acid covalently linked to the support. 

Alternatively, it is possible for the solid support initially to be provided with 
oligonucleotides covalently linked by their S'.ends to the soUd support. In this" CSaSfe, 
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the original nucleic acid may once again be trapped on the oligonucleotides but, m 
this case, is itself used as the sample nucleic acid. 

The solid support preferably comprises particles having a size of 50 to 200 
(more preferably 100 to 200) microns. Particularly preferred examples of particles, 
and methods by which nucleic acids may be covaienUy linked thereto, are disclosed in 
WO-A-93/13220. 

It is preferred that the particles are provided in a flow-through column into and 
from which reagents may be readily introduced and exhausted, e.g. as disclosed in 
WO-A- 93/13220. 

In a development of the invention, the method may be used for determining 
whether or not several different nucleotides are present at specified positions in the 

sample nucleic acid. 

The invention will be further described by way of example only with reference 

to the accompanying drawings, in which; 

Fig.l iUustrates preparation of a sample nucleic acid for analysis in accordance 

with the method of the invention; 

Fig. 2 illustrates a first embodiment of method in accordance with the 

invention; 

Fig. 3 illustrates a second embodiment in accordance with the uivention; and 

Figs. 4 to 7 illustrate procedures and results of the Examples. 

Fig.l illustrates the production of a solid support system incorporating single 
stranded nucleic acid (the sample nucleic acid) for use in the method of the invention 
as described more fiilly below with reference to Figs. 2 and 3. 

The procedure of Fig. 1 starts with 

(a) a plurality of particulate supports 1 (only one shown) each having a 
plurality of immobUised oligonucleotides 2 (only one shown) which are covalently 
linked by their 5* ends to the supports 1, and 

(b) single stranded nucleic acid 3 which is to be investigated to determine 
whether a particular mutation is present therem. the nucleic acid 3 having a region 
complementary to the immobUised oligonucleotides 2. 
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In the first step (step (a)) of Fig.l, the strands 3 are hybridised to 
oligonucleotide 2 using standard reagents and procedures. After washing to remove 
reagents and non-hybridised materials, the oligonucleotides 2 are extended using a 
polymerase enzyme and a mixture of dATP, dlTP, dCTP, and dGTP. The extended 
strands (which are complementary to strands 3) are referenced as 4. The original 
strands 3 are then denatured and washed off the support leaving the immobilised 
strands 4 as sample nucleic acid strands. 

Assume now that it is necessary to determine whether a strand 3 incorporated, 
say, the base A at a particular position as a point mutation (as compared, say, to base 
C in the normal sequence). It is therefore necessary to determine whether the base T 
or G is incorporated at the corresponding position in strand 4 and the procedure is as 
outlined below. 

Assume now that a strand 4 derived from the 'wild type' strand 3 would 
incorporate the sequence 'iGCTAG*" and that, in a mutant strand 3, the 
correspondmg sequence in strand 4 would be ^'CGCTAG'". It is therefore necessary 
to determine whether the 'underiined' base is T or C. This may be effected by the 

procedure shown in Fig. 2. 

As shown m Fig.2, a primer 5 is hybridised to the strand 4 so that the 3 end of 
the primer is immediately adjacent to that position (marked with a "+") in the strand 
4 at which the base is to be determined. In other words the primer 5 is homologous 
for the region one base downstream (i.e. on the 3* side of ) the possible mutation pomt 

The supports are then washed to remove reagents and non-hybridised material- . 

There are now added to the solid siq>port system labelled dATP (*dATP) 
together with polymerase enzyme. The label is preferably an enzyme label. An 
extension reaction is the effected followed by washing of the soUd support system 
(leaving the primer 5 hybridised to the strand 4). In the scheme of Fig. 2 it is assumed 
that the base at the position marked "+" in the sequence 4 was in fact T so that the 
primer 5 is extended by labelled A (i.e. *A) 
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A detection procedure is then effected to determine whether labelled dTTP has 
been incorporated" in the primer 5. For the procedure illustrated in Fig. 2 the result 
would be positive. If the detection procedure had proved negative, labelled dGTP 
together with polymerase enzyme are added to the support system and an extension 
reaction again effected using the immobilised primer. After washing of the system, 
the detection procedure is repeated to confirm that the labelled dGTP has become 
incorporated on the primer and therefore that the original strand 3 was a mutant 

The procedure described with reference to Fig. 2 makes it possible to assay for 
single pomt mutations in a controUed manner. There is no requirement for gel 
electrophoresis, blotting or other labour intensive and delicate processes. The copy 4 
is, in addition, stable and can be repeatedly assayed. 

A development of the procedure is shown in Fig.3 and is used for 
simultaneously determining the presence (or otherwise) of more than one mutation. 
In this case, up to four primers are simultaneously hybridised to the strand 4. each for 
determining whether particular mutations are present at specified positions. The 
series of primers, may be complementary to regions adjacent to a cluster of point or 
frame shift mutations. They could also be complementary to insert mutation or 
mutations. 

The procedure of Fig.3 is effected on an immobilised complementary copy of 
the gene sequence. 

For the purpose of illustration, it is assumed that the procedure is to investigate 
the possible presence of up to four point mutations each of which is at the 5 end of 
one of tiie sequences 10-13 specifically illustrated in Fig. 3 . 

Again for the purpose of illustration it is assumed that the four mutations may 
be detected with the combined use of dATP, dTTP. dCTP and dGTP. 

In the first step (step (a)) of the procedure, primers 14-17 are hybridised to 
each sequence of interest, each primer being homologous for the region one base 
downstream (i.e. on the 3" side of) the possible point mutations. 

Hie supports are then washed to remove non-hybridised primers and other 

reagents. 
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Labelled dATP (i.e. *dATP) is now added to the supports together with 
polymerase en:^e under extension conditions such that, if one of the mutations is 
present, the corresponding primer will be extended by the ♦dATP. The supports are 
then washed and the procedure repeated sequentially with *dCTP, ♦dGTP and & 
i^dTTP. An important point to note is that the labels of each of the nucleotides are 
distinguishable firom each other. 

At the end of this procedure, a detection procedure is effected on the supports 
to determine which nucleotides have been incorporated. Since the nucleotides were 
differently labelled, it is possible to determine which nucleotides, if any, have been 
incorporated. The different labels may for example be fluorophores which adsorb at 
different wavelengths. 

If all four labelled nucleotides have been incorporated (as shown in Fig. 3) 
then this demonstrates that four point mutations are present. If less than four 
mutations are present then it is possible to determine which of the four labeUed 
nucleotides have been incorporated because of their different labellings. It is therefore 
possible to say which of the mutations are present 

Fig. 3 represents an idealised case in that the four mutations each correspond 
to a different nucleotide. If two or more of the mutations were the same nucleotide 
then it would be possible to determine from the strength of the detection signal 
obtained for any one nucleotide how many mutations corresponding to that nucleotide 
were present in the sequence. 

Example 1 

The experiment describes the addition of a biotinylated nucleotide to a probe 
(DOL024) hybridised to an extended copy of a captured 257bp PGR fragment, 2570. 
Capture and extension was performed on solid support carrying the 24mer 
oligonucleotide DOL006. The fragment was captured on this support and an 
extension copy of this was made by initiating extension of the support-bound 
oligonucleotide using AmpUTaq polymerase (Perkin Ehner) and a mixture of ihetour 
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deoxyribonucleotides. The extension product was used to capture the oligonucleotide 
DOL024B (see below). 

DOL006-5'AGCGGATAACAATTTCACACAGGA 
DOL024B-5'(biotin)-CGCCATTCAGGCTGCGCAACTGTT 

The experiment was designed such that the probe was located at the distal (3') 
end of the solid phase extension product, allowing the hybrid, shown in Fig. 4, to be 
formed. The sequence of the DOL024 primer was such that the nucleotide dG should 
be incorporated as the first 5' base. Biotinylated dideoxyGTP was used to test for 
successful incorporation, while biotinylated deoxyUTP was used to check the 
specificity of incorporation. 

Procedure 

The 2570 fragment (500 finol) was introduced to the support (2mg), which 
was located in flow-through columns. The mixture was denatured (95"'C, 5 minutes) 
prior to capture (37"C. 10 minutes). Following washing to remove unincorporated 
fragment, extension was initiated by the introduction of an extension mix containing 
AmpUTaq DNA polymerase (2.5 U ^L*') and a mucture of the four 
deoxyribonucleotides (0.2 pmol nL'' each) in 1 x PGR buffer (supplied with the 
polymerase enzyme). Extension proceeded during an mcubation stage (72®C, 5 
minutes), after which the captured fragment was removed by "melting" and washing - 
(3 x 95*'C, 5 minutes followed by 80 ^ L wash) to leave the extended copy attached to 
the support (see Fig. 4). The extension copy was probed by aspkating 500 finol of 
DOL024 onto the support and capturing (37*0, 5 minutes). Following washing to 
remove unbound material the nucleotide under investigation was added (25 pmol) 
together with AmpUTaq DNA polyitierase (2.5 U nL"') in 1 x PGR buffer. 
Incorporation of the nucleotide was achieved during incubation at 72''C for 5 minutes. 
Following extensive washing to remove unincorporated label, incorporated m5enal 
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was detected by binding of a Streptavidin Alkaline Phosphatase conjugate Mowed 
by spectrophotometric detection using the AMPAK assay. Controls involved the use 
of biotinylated capture probe (DOL024B) at the same levels as DOLO240, above, 
without nucleotide addition, in order to determine the level of capture of the 
secondary probe. The results are shown in Fig. 5. 

The figure, in the absence of 2570 or of extension of captured fragment, Uttle 
or no signal is generated with DOL024B. Extension of 2570 allows signficant 
capture of DOL024B. The incorporation of ddOTP into unlabelled DOLO240 
generates signal approximately half of that generated by DOL024B capture. Addition 
of the "wrong" labeUed oligonucleotide (dUTP) produces a signal which is less than 
half that generated by ddGTP addition. 

The conclusion drawn from the above observation is that the capture (si^port- 
bound) oligonucleotide has been extended, using the captured 2570 fragment as 
template, and that a secondary probe can be bound to this. Further, incorporation of 
the 5' nucleotide into the probe is sequence-specific. 



Fxample 2 

This example demonstrates the feasibiUty of capturing two primers on single 
' stranded nucleic acid. 

The 24mer oligonucleotide DOL006 (see below) was covalently immobiUsed 
by its 5' end on particulate solid supports. 

The 257bp PGR fragment, 2570, was captured on this support and an 
extension copy of this was made by initiating extension of the support-bound 
oUgonucleotide using AmpliTaq polymerase (Perkin Ehner) and a mixmre of the four 
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deoxyribonucleotides. The extension product was multiply probed using the 
biotinylated oligonucleotides DOL024B and 

DOLO30B (see below). 

DOL006-5'AGCGGATAACAATTTCACACAGGA 
DOL030B-5'(biotin)-GGCGTAATCATGGTCATAGCTGTT 
DOL024B-5'(biotin)- CGCCATTCAGGCTGCGCAACTGTT 

The oligonucleotides are designed such that the two detection probes are 
located at either end of the solid phase extension product allowing the multiply 
primed hybrid shown in Fig. 6 to be formed. 

Prncedure 

The 2570 fragment (SOOfinol) was introduced to the support (2mg), which 
was located in flow-through columns. The mixture was denatured (95°C, 5 minutes) 
prior to capture O/C, 10 minutes). Following washmg to remove unincorporated 
fragment, extension was initiated by the introduction of an extension mix containing 
AmpUTaq DNA polymerase (2.5 U^L'') and a mixture of the four 
deoxyribonucleotides (0.2 pmol ^L"' each) in 1 x PGR buffer (suppUed with the 
polymerase enzyme). Extension proceeded during an incubation stage (72°C, 5 
minutes), after which the capmred fragment was removed by "melting" and washing 
(3 X 5 minutes followed by 80 n L wash) to leave the extended copy attached to. 
the support. The extension copy was probed by aspirating 500 finol of detection 
probe onto the support and capturing (37-0, 5 minutes). Following washing to 
remove unbound material secondary probes, where necessary, were captured in 
exactly the same way. The columns wei« then thoroughly washed and the bound 
probes detected by binding of a Streptavidin Alkaline Phosphatase conjugate foUowed 
by spectrophotomeric detection using an AMPAK assay. 
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The results are shown in Fig. 7 which demonstrates that the signal generated 
by the addition of both detecton probes, in the absence of extension of the support 
bound oUgonucleotide, is similar to background. Tlie addition of each detection prove 
to support-bound oligonucleotide which has undergone extension generates significant 
signal Addition of both detection probes simultaneously produces a signal which 
exceeds that generated by addition of the invidivual detection oligonucleotides 
separately* 

Tie concteion to,™ ten above observato is that to capme (support- 
bound) olisonuoleoMe has b.«. exBnded. using .he captured 2570 ftagmen. as 
.en^te, and .ha. to detection „Ugonucl«.,ides bind to dus exttnsio. produc. 

independently of each Other. 
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ri.ATMS 

1. A method of determining whether or not a particular base is present at a 
specified position in a nucleic acid sequence, the method comprising the steps of 

(a) providing a single stranded sample of the sequence to be investigated (the 
"sample sequence") in inunobilised form on a solid support, 

(b) hybridising a primer to said sample sequence such that the base at the 3* end of 
the primer is hybridised to that base in the sample sequence which is immediately 
adjacent to the specified position on the 3 side thereof, 

(c) treating the primer under extension conditions with a labelled moiety capable 
of providing an extension unit of the primer at a position corresponding to said 
specified position in the sample sequence if said particular base is present at that 
position, the extension conditions being such that any extension of the primer does not 
continue beyond said specified position of the sample sequence otherwise than by 
further extension with labelled moiety, 

(d) washing the support to remove umreacted labelled moiet>- and other reagents, 
and 

(e) testing for incorporation of the labelled moiety in the primer. 

2. A method as claimed in claim 1 wherein the labelled moiety is a 
dideoxynucleotide incorporating the complementary base to that at the specified 
position in the sample sequence. 

3. A method as claimed in claim 1 wherein the labelled moiety is a labelled 
nucleotide incorporating a base complementary to that being detemiined. 

4. A method as claimed in any one of claims 1 to 3 wherein the label is biotin. 

5. A method as claimed in any one of claims 1 to 4 wherein the sample sequence 
is covalently linked to the solid support 
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6. A method as claimed in claim 5 wherein the covalently linked sample 

sequence has been obtained by 

providmg a sample of nucleic acid ("the original nucleic acid**) 

providing solid supports having oligonucleotides covalently linked by then: 5' 
ends to the supports, the oligonucleotides being complementary to a sequence in a 
strand of the original nucleic acid 

hybridising said strand of the original nucleic acid to the oligonucleotides 

washing to remove non-hybridised material 

extending the oligonucleotides using die hybridised original nucleic acid as a 
template, and 

denaturing the original nucleic acid and washing off the support to leave the 
imm obilised sample nucleic acid. 

7. A method as claimed in any one of claims 1 to 6 wherein the solid support 
comprises particles having a size of 50 to 200 microns. 

8. A method as claimed in claim 7 wherem the particles are provided in a column 
into and fiom which reagents may be readily introduced and exhausted. 
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